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Understanding educational outcomes of students from low income families:
Evidence from a liberal arts college with a full tuition subsidy program Todd R. Stinebrickner and Ralph Stinebrickner 1 Issues related to the schooling attainment of children from low income families arise frequently in current education policy debates. In part due to a recent increase in the disparity between the wages of college graduates and the wages of individuals with less than a college degree, there has been a specific interest in understanding why a very high percentage of children from low income families do not graduate from college and why the college graduation rates of children from low income families are substantially lower than those of children from other families. Using unique new data obtained directly from a high-quality liberal arts college that maintains a full tuition subsidy program (and large room and board subsidies) for all students, this paper provides direct evidence that reasons unrelated to the direct costs of college are very important in explaining these realities.
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I. Introduction
Issues related to the schooling attainment of children from low income families arise frequently in current education policy debates. While these issues span the entire spectrum of schooling levels, a recent increase in the relative wages of college graduates has contributed to a particular interest in understanding two interrelated facts associated with college attainment.
2 First, a very high percentage of the children from low income families who graduate from high school do not graduate from college. Second, among high school graduates, the percentage of children from low income families who graduate from college is substantially lower than the percentage of children from other families who graduate from college. Manski (1992) documents these facts using respondents from the High School and Beyond (HS&B) who were high school seniors in 1980. He finds that five and one-half years after high school graduation only .11 of respondents from families in the lowest income quintile had graduated from four year colleges, whereas
.24 of respondents from families in the middle income quintile and .39 of respondents from families in the highest income quintile had graduated.
In order to graduate from college, a person must first make the decision to enter college and then must persist in college until graduation. Although much previous literature has specifically examined the college entrance decision, work such as Manski and Wise (1983) , Manski(1992) , and Bowen and Bok (1998) has established that examining what happens after students arrive at college is also very important if one wishes to understand the two stylized facts described in the previous paragraph. 3 For example, with respect to the first stylized fact, descriptive evidence in Manski (1992) indicates that between 54% and 4 In the previous two sentences, the exact percentages depend on the treatment of individuals who enter two year schools after high school graduation. Low income students are substantially less likely than other students to enter four-year institutions but are approximately equally likely to enter two-year institutions. Thus, counting individuals who enter two-year institutions when computing college entrance rates (and assuming that these students drop-out if they do not receive degrees from four-year institutions) increases both the college entrance rates and attrition rates of low income students relative to higher income students and leads to the higher number in each pair.
Using the National Longitudinal Study of the High School Class of 1972 (NLS-72), Manski and Wise (1983) found that a two standard deviation increase in family income implies a .15 increase in the probability of college persistence and a .07 increase in the probability of college entrance (holding constant other observable characteristics including parental education). Bowen and Bok (1998) also find large effects of family income on college persistence using the data from The College and Beyond. 5 We stress that we use the term "high" somewhat loosely when referring to attrition rates; attrition, in and of itself, is not inherently bad and this paper does not attempt to determine what "optimal" college attrition rates would be for low income students.
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71% of HS&B students in the lowest income quintile who enter post-secondary education fail to graduate from a four year college within 5.5 years. With respect to the second stylized fact, evidence in Manski and Wise (1992) indicates that between 51% and 71% of the HS&B college graduation gap between students in the lowest and highest income quintiles and between 48% and 65% of the HS&B college graduation gap between students in the lowest and middle income quintiles can be attributed to differences in college attrition rates between groups rather than to differences in college entrance rates between groups. 4 Thus, understanding the causes of the high college attrition rates of students from low income families is important from the standpoint of understanding the low absolute and relative college graduation rates of this group that were described in the first paragraph.
5 An explanation along traditional lines is that the low graduation rates arise largely for reasons related to the burden of paying for college. In considering the prominence that this explanation has traditionally received, it is worth noting that, although many students from low income families may not face excessively high net tuition costs due to the existence of need-based financial aid, the total direct costs for these students that arise after also factoring in the costs 6 From a definitional standpoint, when computing the direct costs of college it is appropriate to use college room and board costs net of the costs the person would incur if he/she did not attend college (these net room and board costs may typically be positive, especially if a person tends to live at home if he/she does not attend college). However, from the standpoint of thinking about the influence of college costs on a liquidity constrained person, it may be desirable to consider all of the room and board costs since these are the costs the individual will have to find a way to pay in order to be in school. In the remainder of the paper, we abstract from this small distinction. 7 The possibility that this type of explanation may be important in explaining differences in educational outcomes has been raised recently by Heckman (1998), Shea (1996) , and Cameron and Taber (1999) . The former work suggests that "factors more basic than short-term cash constraints...determine the schooling family income relationship" and that factors such as family background "play a central role in determining schooling decisions." 8 Many of these reasons stem from the reality that students from low income families are more likely to have parents who have not attended college. See, for example, Kiker and Condon (1981) .
3 of room and board, books, and fees will typically be non-trivially greater than zero.
6 Thus, the direct costs of college have the potential to be burdensome for students from poor families, especially if these families tend to be borrowing constrained.
An alternative explanation is that the high attrition rates of students from low income families arise for reasons related to a student's background or family environment that would exist even if the direct costs of college were zero. 7 For example, students from low income families may, on average, attend lower quality elementary and secondary schools, receive less encouragement from their families to take advantage of beneficial schooling opportunities within a particular school, receive less educational instruction at home, be less likely to have parents who stress the importance of obtaining a college degree, or receive less encouragement to remain in college when academic or social difficulties arise during college. 9 In families with lower income, the human capital of the student is likely to represent a higher proportion of total family wealth. If negative family income shocks occur, lower income families will tend to have fewer sources of wealth from which to draw and may be more likely to "cash-in" the human capital wealth of their children (especially if these families are borrowing constrained). 10 The direct costs of schooling (rather than, for example, the opportunity costs of attending) are typically the relevant policy instrument for policymakers. Addressing borrowing constraints implies an effort to help a student cover the direct costs of schooling. Thus, while family borrowing constraints may lead to exits even if direct costs are zero (e.g., if families suffer income losses), these types of exits are appropriately attributed to what we call the "family environment"explanation because they would not be typically addressed by educational policy. That is, they would remain even under the most generous tuition/direct cost subsidy that might be considered.
11 Kane (1994) finds that the college entrance decisions of low income high school graduates are quite sensitive to the cost of college tuition, but also finds that a one dollar decrease in tuition has a larger effect on college attendance than a one dollar increase in the current need-based Pell Grant program. Heckman, Lochner, and Taber (1998a,b) suggest that, although the partial equilibrium effects of tax and tuition subsidies are quite large, the long run, general equilibrium effects may be much smaller.
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in the presence of a full subsidy of direct costs, negative shocks to family income may contribute to retention differences between income groups if students from low income families are more likely to return home to help their parents in bad economic times.
9 Similarly, students from low income families may be more likely to leave school than other students if the amount of consumption that is foregone by attending college is higher for these students and students learn about their willingness to delay consumption after making the decision to begin college.
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Learning about the importance of the "family environment" explanation and the "direct costs" explanation is of direct relevance to current policy, in part because government education policy has often been based on the belief that, in the absence of government intervention, post-secondary educational attainment may be limited for students from low income families due to borrowing constraints (Taubman, 1989) . 11 For example, knowledge about the importance of the family environment explanation is valuable from the standpoint of understanding the extent to which expensive tuition subsidy programs by themselves may not equalize college graduation probabilities across income groups and from the standpoint 5 of understanding the importance of also considering alternative educational policies that do not target the direct costs of college. Unfortunately, analyzing the importance of the family environment explanation or the direct costs explanation is a difficult empirical task. As mentioned earlier, most individuals who are currently enrolled in college face total direct costs that are not zero and these costs are determined by a complex set of interactions between family income, tuition costs, financial aid grants, financial aid loans, and ability. In short, there is typically no obvious way to "control" for the effect that directs costs are having on the absolute or relative college attrition rates of students from poor families.
This difficulty has been recognized by previous literature which emphasizes that the relative importance of the two explanations is still very much an open question. For example, in the context of a discussion of college attrition, Bowen and Bok (1998) remark that "One large question is the extent to which low national graduation rates are due to the inability of students and their families to meet college costs, rather than to academic difficulties or other factors." Similarly, when discussing differences in college attrition by family income, the findings of Manksi and Wise (1983) lead them to "...raise the possibility that if one wanted educational attainment to be unrelated to family income, for example, low family income may have to be offset by external funds, even if income itself were not a major determinant of college attendance."
In an effort to improve our understanding of the college outcomes of low income students, this paper takes a very simple and direct approach which is made possible by our fortunate access to unique, new data. Specifically, we analyze data from the administrative records of Berea College which is located in central Kentucky where the "Bluegrass meets the foothills of the Appalachian mountains." As will be discussed throughout the paper, there are numerous features of the school and our data that are desirable 12 One feature that is not discussed in the remainder of the paper is that Berea operates a mandatory work study program. All students work approximately ten hours a week in this program and are not allowed to add additional hours in off-campus jobs. Thus, we can rule out the possibility that attrition at this school is being caused primarily by excessive non-academic work hours during school. In addition, in Stinebrickner and Stinebrickner (forthcoming) we find no evidence that students from different income groups work different numbers of hours. As a result, we can rule out the possibility that differences in attrition between students from different income groups are caused by differences in non-academic work during school. Using other data, controlling for the effects that working has on attrition may be difficult 13 According to the Berea College 1998 admissions brochure, entering students at Berea have an annual room, board, and college fee bill of only approximately $1000. Students graduate from Berea with an average of approximately $1000 in student loans.
6 from the standpoint of this study. 12 However, of particular interest given the nature of this study is that the school provides a full tuition subsidy and large room and board subsidies to all entering students regardless of family income. Thus, the direct costs of schooling are approximately zero for the students in our data.
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This very unique feature, which to our knowledge only exists at perhaps one other school in the United
States, allows us to directly examine two interrelated questions. 14 First, to what extent are the high attrition rates of students from low income families caused by factors other than the direct costs of college.
Second, to what extent are differences in attrition rates between individuals from different income groups caused by factors other than the direct costs of college.
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The paper proceeds as follows. In Section II, we discuss the data from Berea and examine descriptive Kaplan-Meier duration models that show the rate at which students leave Berea. Our findings suggest that, even though direct costs of schooling are approximately zero, roughly half of all students fail 7 to graduate. In Section II, when we examine the attrition rates of the sample as a whole, our discussion implicitly assumes that the students at Berea can be thought of generally as a group of low income students. While the income distribution at Berea indicates that this is more or less reasonable, there exists substantial variation in the family income of the students in our sample because the poorest students are extremely poor while the "wealthiest" students can perhaps be thought of as lower middle class. In Section III we take advantage of this variation to examine the relationship between family income and attrition. Both Kaplan Meier survivor functions and proportional hazard survivor functions indicate that, although the direct costs of schooling are approximately zero for all students, a strong positive relationship remains between family income and the length of time that an individual remains at Berea. Thus, our primary results indicate that reasons unrelated to the direct costs of schooling appear to be very important in determining high attrition rates of students from low income families and that the differences in college outcomes by family income that have been documented in past research may remain to a large extent even under full tuition subsidy programs.
In Section IV the paper explores several possible reasons that family environment is found to have such a strong effect on college outcomes. It is worth noting again that the family environment explanation is meant to include all reasons unrelated to the direct costs of schooling, and, as a result, includes both reasons related to differences in educational preparation and encouragement and also reasons related to the interaction of borrowing constraints and financial circumstances that would be present even if the direct costs of college were zero. With respect to the former, students at Berea from lower income families are found to receive significantly lower college grades than other students (even after controlling for college entrance exam scores and other observable characteristics) and these differences explain the majority of the difference in the attrition rates between income groups. Elementary and high school quality ratings obtained from the state of Kentucky are included in an attempt to examine whether the better academic 8 performance of the higher income students arises because they attend better schools or have better classmates. On average, students from higher income families attend better schools and school quality is found to be positively related to college grades and college persistence. Nonetheless, the effect of family income remains strong even when the school quality information is included. This suggests that parents have a strong direct effect on the academic achievement and attainment of their children. With respect to the latter, we find no evidence that negative income shocks explain differences in educational outcomes between income groups. Nonetheless, due to the imperfect nature of our data for this particular analysis, we believe that more research is needed in order to determine the extent to which borrowing constraints and financial circumstances might influence college outcomes if direct costs were zero.
Our results strongly indicate that reasons unrelated to the direct costs of college are important in determining college attrition. However, because no students at Berea pay tuition, the situation at Berea cannot provide direct evidence about the importance that direct costs currently play in determining college attrition. In an effort to provide a rough idea of the importance of the family environment explanation relative to the direct costs explanation, the duration model of attrition is reestimated in Section V using students from the National Educational Longitudinal Study: Base Year Through Third Follow-Up (NELS-88) who entered college during the middle of the 1989-1997 period that is covered by our Berea College data. The effect of family income on attrition for students in the NELS-88 is found to be very similar to that found in the Berea data despite the fact that the NELS-88 students are attending institutions that charge tuition. Thus, although one must be very careful about the conclusions that can be drawn from this comparison, the exercise suggests that family environment factors may be the driving force in determining the strong relationship that has consistently been found between family income and college outcomes.
In Section VI, the paper concludes and discusses the implications of this work for tuition subsidy programs such as the one recently approved in the state of California. 16 Most individuals in our sample took the ACT exam. In cases where a student took only the Scholastic Aptitude Test (SAT), the student's SAT scores were converted to ACT "equivalents." In section IV we discuss the interpretation of our results given the use of math ACT and verbal ACT as ability measures.
A student's distance from home is potentially endogenous. However, removing this variable had very little effect on the estimated importance of the other characteristics.
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II. Berea College history, descriptive statistics, and attrition of sample as a whole Berea College was founded in 1855 as a one room school on land donated to founder John G. Fee by Cassius Clay, a wealthy landowner and prominent leader in the movement for gradual emancipation.
According to the founder, the school was designed to be "anti-slavery, anti-caste, anti-rum, anti-sin."
Given this background, it is not surprising that the current mission of the school is to provide an education to those of "great promise but limited economic resources." Although Berea admits students from throughout the United States and from many foreign countries, the school has a primary focus of providing an education for students from Appalachia. In 2001, Berea was ranked first among regional liberal arts colleges in the south by U.S. News and World Report. The full tuition and room and board subsidies are made possible by a sizeable endowment.
From their administrative database, Berea College made available records for the 4089 full!time students that matriculated between the fall semester of 1989 and the fall semester of 1997. We concentrate on domestic students who did not transfer to Berea from another post!secondary institution. This eliminated six hundred students. Given the emphasis of the study on family income, the 490 students that had declared independent status were also eliminated. This left 2999 students. The covariates which are used primarily in the study are a student's sex, race, family income at the date of matriculation (in 1997 dollars), an indicator of whether the person's permanent home is within two hours driving distance from Berea College, family size, score on the verbal portion of the American College Test (ACT), and score on the math portion of the ACT. 16 Only 178 individuals had a missing value of one or more of these 10 variables. 17 Thus, the final sample consists of 2821 individuals. Although the data from Berea also include information about high school grade point averages, this information is missing for 418 of the 2821 students. Thus, we choose to primarily present results from models that do not include high school grades.
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The histogram of family income in Figure 1 reveals that many students come from very poor families. One!third of students have a family income in the first year of less than $15,800. Another onethird of students have a family income in the first year between $15,800 and $28,020. Most of the remaining families have a family income in the first year of less than $50,000. Family incomes are right truncated because, as will be discussed in more detail in Section III, eligibility for admission requires that a student's family income must be below a maximum level.
The college performance outcome that we primarily concentrate on is duration of college attendance. This is worthwhile if, as research such as Kane and Rouse (1995) suggests, completing some college leads to an increase in a person's earning potential. Another reason to study duration rather than the binary college graduation outcome is that, because all students who have not finished a degree by the end of the fall semester of 1997 are right censored in our data, concentrating directly on the latter would seriously limit the amount of useable data. For example, even under the assumption that no students take more than five years to graduate, it is not possible to determine graduation outcomes for individuals who matriculated after the first three years of our data. Ignoring the last five years of data is inefficient because 11 these years contain useful information about the likelihood of college completion.
Although students can choose to leave school at any time during the school year, the data do not indicate the exact date at which a student leaves. Instead, we observe the semester in which the person leaves. Starting in the seventh semester after matriculation, some students begin to graduate. In order to avoid the complication of modelling both the attendance duration and the exit reason, the focus of the empirical work in this paper is on student retention up until the start of the seventh semester.
19 Stinebrickner (1998) shows that almost all individuals in this sample who return for the start of their fourth year (and are not censored) eventually graduate. 20 Therefore, beginning the seventh semester is almost synonymous with graduation. an individual in our sample remains in college. The survivor function evaluated at time t represents the probability that a student will stay more than t full semesters before leaving school (i.e., he will start at least the t+1 st semester). The probability that an individual will stay more than six full semesters (start his seventh semester) is approximately .47. Thus, approximately half of entering at students at Berea do not graduate even though the burden of paying for college has been removed as a possible cause of attrition.
The previous results show that many students do not graduate and that exits are for reasons unrelated to the direct costs of college. It is worth noting that what is likely to be of ultimate interest from a policy standpoint is whether individuals eventually receive a degree at this school or another four year institution. However, the difference between educational attainment at Berea and total post!secondary educational attainment appears to be relatively small. In correspondence with the director of institutional 21 We noted earlier that the highest observed family incomes in our sample are not particularly large. It seems that if the low income individuals in this sample are found to perform differently in terms of retention (or other outcome measures) relative to higher income individuals in this sample, they would also perform differently relative to individuals with family incomes greater than the truncation point in these data. Naturally one should be cautious when attempting to draw out-of-sample conclusions. 12 research at Berea College, it was learned that exit interviews taken in recent years show that only approximately .17 of exiting students express some intent to transfer to another two year or four year post!secondary institution. Further, the majority of these students never actually request a transfer transcript, which in most cases, is a necessary condition for actually transferring.
III. The relationship between family income and college outcomes at Berea
Largely because many of the students are extremely poor, a substantial amount of variation exists in the family incomes of the students in our sample. In this section, we take advantage of this variation to examine whether the type of positive relationship between family income and college attrition that has consistently been found in the literature remains in a situation where the potential burden associated with paying for college has been removed. 21 Kaplan-Meier survivor functions of the sort used in Section II, indicate that this is the case. In particular, Figure 3 shows that the Kaplan!Meier survivor functions differ for individuals in the lowest third, middle third, and highest third income groups. The probability that an individual in the highest third finishes more than six full semesters is eighteen percent larger than the probability that an individual in the lowest income third finishes more than six full semesters (.516 versus .439).
The Kaplan!Meier survivor functions do not take into account the effect that covariates have on retention. Consequently, retention differences among the income groups may be the result of differences in other observed characteristics that make students less likely to remain in school. Table 1 shows descriptive statistics for the overall sample and each of the income thirds. In general, the variable means are quite similar across income groups. This result suggests that retention differences between income 22 The baseline hazard is assumed to be constant within each of the semesters. The value of each of these constants is estimated.
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groups are likely to remain even after taking into account other observable characteristics. This can verified using a proportional hazard model.
The hazard, h i (t), represents the probability that a person will leave school at time t conditional on not having left before time t
where $ is a set of coefficients which measure the effect of the exogenous characteristics X i on the hazard rate, , i represents a person specific heterogeneity term, and the baseline hazard B(t) indicates how the hazard rate changes with the duration of attendance. Identification of the proportional hazard model requires that the baseline hazard be separable from other covariates. The primary results in the paper come from a specification that includes a non!parametric baseline and a parametric (normal) distribution for the unobserved heterogeneity.
22 However, as discussed in footnote 23, the results were found to be very similar when the model was specified with a flexible form for the unobserved heterogeneity of the type proposed by Heckman and Singer (1984) . Table 2 shows the maximum likelihood estimates of the proportional hazard model. Column one shows estimates when family income enters as a continuous variable. Column two shows estimates when the effect of income is estimated semi!parametrically by including an indicator variable for whether a person's family income places him in the lowest third income group and an indicator variable for whether the person's family income places him in the middle third income group. Column three shows estimates when the effect of income is estimated semi!parametrically and income is divided into six different groups.
Column 4 shows estimates when income enters as a continuous variable and high school grades are also included.
23 As mentioned earlier, very little change was found when the model was specified with a flexible form for the unobserved heterogeneity of the type proposed by Heckman and Singer (1984) . For example, for the specification in column 1 of Table 2 , when , i is assumed to be a discrete random variable with two possible values it was found that the estimated effect (standard error) of family income is -.084 (.024) and the value of the log likelihood function is -3484.05. The full results for this specification in the Appendix show that estimated effects are also very similar for other observable variables. Similar results were found when the number of possible values allowed for , i was increased, and, as a result, these specifications are not shown. Although the results are not shown, the results in columns 2-4 of Table 2 were also found to be robust to the specification of the unobserved heterogeneity term. 24 The baseline person was given the mean values of the continuous covariates and was given median values for the indicator variables.
25 Note that little difference is observed in the income coefficient in column four when high school grades are included.
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The coefficient associated with a particular variable can be used to compute the factor by which the hazard rate would change if the variable increased by one unit, with a negative coefficient indicating that an increase in the variable would be associated with a lower probability of leaving. For example, the coefficient on Math ACT, !.051, indicates that the hazard rate decreases to exp(!.051)=.950 of its previous value when the Math ACT score increases by one point. Table 2 indicates that family income has a highly significant effect, even after controlling for the effect of educational background variables and other observable characteristics. Column 1 shows that a $10,000 increase in family income leads to a hazard rate that is lower by a factor of exp(!.083)=.920.
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For a "baseline" student, figure 4 compares the predicted survivor function for a family income of $5,000
to the predicted survivor function for a family income of $40,000.
24 The probability that the person with a $40,000 family income remains in school for more than six full terms is twenty-five percent higher than the probability that the person with $5,000 in family income remains in school more than six full terms (.520 versus .416). 25 Column 2 shows that the income coefficients are also statistically significant and quantitatively large when income enters as two indicator variables. A person in the lowest income group and middle income group have hazard rates which are exp(.243)=1.275 and exp(.201)=1.222 as large as 26 For example, as discussed in Stinebrickner and Stinebrickner (2000) , admission decisions at Berea are made among the group of "income-eligible" applicants on the basis of student quality without reference to an applicant's family income. As a result, there is no obvious reason to believe that the admission policy at Berea is creating a relationship between family income and college attrition among attendees that is unlike what would be present among the set of all applicants to the school. Other biases can also potentially arise from students' decisions of whether to apply to Berea and whether to attend Berea if accepted. 15 the hazard rate of an individual in the highest income group holding all other observable characteristics constant. Figure 5 shows how the predicted survivor function for the baseline person varies depending on whether the person is in the lowest, middle, or highest income group. Column 3 shows that, when income is divided into six groups, retention rates are quite similar for the bottom three income groups but increase significantly over the upper half of the income distribution at Berea.
It is important to note that the unmeasured determinants of family income and schooling attainment may be different in our sample than it would be in various populations of interest. The types of biases that may be present from viewing the relationship between family income and college attrition at Berea as an estimator of the relationship in larger populations of interest is discussed in detail in Stinebrickner and Stinebrickner (2000) .
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It is worthwhile to keep in mind that the income variable used in the preceding analysis, family income at the time of matriculation, is a noisy measure of the desired variable, permanent family income.
In particular, one might be concerned with the possibility that non-classical measurement error could be generated through the income threshold that is used to determine which students are eligible for admission.
At low levels of permanent income, it seems likely that few households will experience shocks such that their first year family incomes make them ineligible for admission. As a result, average first year family income for the lower income groups might be expected to be very similar to average permanent family income. However, for individuals with levels of permanent income that are slightly below the income 27 For 2001 individuals in our sample, a family income value is observed in both the first and second year. Only seven of these individuals have a family income in the second year that is greater than $70,000. Further, the average change in family income between the first year and the second year is !4888 for students classified as high income based on first year family income, -2228 for students classified as middle income, and 2313 for students classified as low income. For 1375 individuals in our sample, a family income value is observed in both the first, second, and third years. Averaging the second and third year family incomes shows that only five individuals have an average that is greater than $70,000. Further, the average change in family income between the first year and the average of the second and third years is -4557 for students classified as high income (based on first year family income), -2277 for students classified as middle income, and 2817 for students classified as low income. The results for individuals whose income is observed for four years is similar. 16 threshold, positive shocks will make them ineligible for admission, and, for individuals with levels of permanent income that are above the income threshold, negative shocks will be needed for them to enter the sample. As a result, average first year family income for the high income group might be expected to be lower than average permanent family income. If this scenario is true, it is possible that the associated bias could lead to an undesirable overstatement of the effect of income on duration in the model where income enters as a continuous variable. However, our investigations into this matter did not produce evidence that the income threshold causes this type of problem.
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IV. Interpretation of Berea results -reasons for attrition differences between income groups.
Section III indicates that statistically significant and quantitatively large differences exist in retention rates between income groups at Berea even in the presence of the full subsidy. From the standpoint of designing effective policy programs, it would be desirable to determine which of the possible reasons related to family environment that were discussed in the introduction are most plausible. In this section, we attempt to examine this issue using our data from Berea.
Without additional information, conclusions about the reasons behind the differences by family income depend to a large extent on the interpretation of our measures of ability, the ACT math and verbal exams. For example, consider one extreme in which the ACT exams are essentially types of IQ tests that predominantly measure a person's inherent ability at birth and are largely unaffected by a person's formal and informal educational environments while growing up. In this scenario, from the standpoint of graduation probabilities for those who matriculate, the size of the difference between income groups can reasonably be thought of as the full disadvantage of being born into a low income family. That is, the disadvantage which is attributable to any of the reasons discussed in the introduction: differences in educational opportunities and preparation, differences in parental support and encouragement during a person's college career, or differences in family responses to income shocks that are unrelated to the costs of college.
In reality it is certainly true that ACT scores to some extent also capture the amount of learning that takes place during a student's youth. However, to the extent that this endogeneity exists, from the standpoint of graduation probabilities for those who matriculate, it seems reasonable to believe that the size of the retention differences between income groups is a conservative estimator (understates) of the true lifetime disadvantage of being born into a low income family. The reason for this is simply that the test scores of students from low income families will tend to understate these students' inherent ability if students from low income families suffer on average from inferior learning environments when young.
Thus, the retention differences between students from high income families and low income families would be found to be even larger if it was possible to control for "true" ability levels at birth rather than the potentially endogenous ACT scores. However, even if the scores are potentially endogenous, we would be able to rule out the possibility that differences in educational opportunities for youth in different income groups cause the income differences in retention if we believed that these test scores are able to fully capture the aspects of learning/ability that are relevant for college. However, this is not necessarily the case.
For example, the math portion of the ACT exam certainly measures something about a person's quantitative background and ability, but is likely to only indirectly indicate whether an individual had the 28 The mean and standard deviation of students' grade point averages in the first period are 2.464 and .856 respectively. 29 p-values are .048, .002, .001, .277, and .048 respectively. The grade differences are consistent with (but somewhat larger) than the findings of Betts and Merrall (forthcoming) who analyze the relationship between first-semester grades and family background for students at the University of California at San Diego. Bowen and Bok (1998) also find a positive relationship between socioeconomic status and college grades. 18 opportunity to take a calculus class while in high school.
Thus, while the previous paragraphs seem to suggest that our estimates of the influence of family income on college completion will be somewhat conservative if test scores depend endogenously on family income, they do not shed much light on the reasons for the income differences in retention rates that remain even in the presence of the full tuition subsidy. In the remainder of this section we attempt to more directly explore the plausibility of possible explanations.
Grades and academic preparation
The previous discussion raised the possibility that students from lower income families may tend to fare worse academically in college even conditional on college entrance exam scores. Semester by semester college grade regressions suggest that this is true. For example, Table 3 shows the results of a regression of first semester college grade point average (GPA) on observable personal characteristics for all individuals who finished their first term. The coefficient on family income, .040, implies that the GPA of an individual with a family income of $40,000 is on average .16 higher than an individual with $0 of family income holding other observable characteristics constant. 28 Further, the coefficient is statistically significant with a t-statistic of 10.0. Although the regression results are not shown, the effect of family income on term grade point average is also significant (at a .10 level of significance or lower) for four of the subsequent five semesters with point estimates of .023, .036, .041, .014, and .028.
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The pooled regression involving all grades in all years produces a point estimate of .033 and an associated t!statistic 30 The relevant cumulative grade point average for semester t was assumed to be the cumulative grade point average of the person at the end of the semester. This timing assumption allows the student's current class performance to influence his current behavior and also ensures that a grade point average was available for a person for the first semester. However, under this timing assumption, the cumulative grade point average is not available for a person during semester t if the person leaves in the middle of this period and does not receive grades. Table 4 shows estimates which are obtained by filling in any missing grades at time t with the person's cumulative grade point average at the end of time t-1. The simple approach taken here represents an effort to replace the small amount of missing data in a reasonable manner without adding complexity to the empirical work. For some discussions of dealing with missing data in a more general manner see Little and Rubin (1987) , Lavy, Palumbo and Stern (1998) and Stinebrickner (1999) . 31 Individuals who leave in the middle of the first semester are deleted from the analysis because no information about their grades are observed. Although this is not ideal, the number of students that leave in the middle of a semester is relatively small.
of 4.013.
From the standpoint of retention, whether these effects are quantitatively large depends on the nature of the relationship between grades and retention. Thus, to get a sense of the extent to which these grade differences between income groups "explain" the family income differences in retention that were found earlier, the duration model was estimated including cumulative grade point average as a time!varying covariate. 30 The coefficient on cumulative grade point average in Table 4 indicates that poor grades are a very significant predictor of exits from school. If college GPA increases by a full point, the hazard rate decreases to exp(!1.630)= .195 of the previous value. A comparison of Table 4 with the first column of Table 2 shows that the effect of income decreases substantially (from !.083 to !.037) and becomes statistically insignificant when grades are taken into account.
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Although it is clear that college grades are strongly related to exits from school and that lower income students receive lower average college grades, one must be very cautious about what conclusions are drawn from this information. Certainly, one plausible story is that grades are essentially exogenous to the drop!out decision, in which case it would be reasonable to conclude that differences in college grade performance between income groups are caused by unmeasured differences in academic preparation or 32 Another possible explanation is that students from low income families may be forced to spend more time working in non-academic jobs. This can be examined directly using the administrative data because Berea College operates a mandatory work-study program, does not allow students to work off-campus, and maintains students' work records as part of its administrative database. By taking advantage of the existence of random assignment to freshmen jobs, Stinebrickner and Stinebrickner (forthcoming), find a quantitatively large (and statistically significant) negative effect between working and grade performance. However, because no relationship between family income and hours-worked is found, the results indicate that differences in employment do not explain differences in grades that exist between different income groups. 33 The regressors are the same as in Table 3 . 34 The point estimates on the income coefficient in a semester by semester regression of semester grades on observable characteristics for those individuals who persist until seventh semester are .025, .021, .022, .027, .021, and .028 respectively. The associated p values are . 054, .083, .080, .025 .112, and .048. 20 study skills between income groups. However, another possibility is that students who are unhappy at college and/or are planning to drop-out may receive lower grades simply because they are less focussed on their studies than they otherwise would be.
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While it is typically difficult to credibly separate the relative importance of the two effects, there does seem to be evidence that the latter endogeneity explanation is not the driving force. Although the full results are not shown, the estimated effect and t-statistic of family income on the cumulative grade point average at the beginning of the seventh semester for the 963 sample members who remained in school until their seventh semester are .028 and 2.9 respectively. 33 Thus, income is a significant predictor of cumulative grade point average even though members of this group are very likely to graduate, and, as a result, should be relatively unaffected by the type of grade endogeneity described above. Further, because the effect of income on grades for this group is found to be roughly constant across semesters, it does not appear that the difference in cumulative grades in the seventh semester is simply due to the low income individuals in this group adjusting more slowly to college. 34 Thus, the grade data does seem to provide at least some evidence that low income individuals are at a disadvantage because of their educational 35 See The Briefing Packet of the Kentucky School and District Accountability Results for Accountability Cycle 3, Kentucky Department of Education, Wilmer S. Cody, Commissioner, 1998. 36 The set of observable characteristics includes the school quality variable and the set of variables in Table 3 . There are 1117 individuals and 4569 total observations. Standard errors are adjusted to reflect the pooled nature of the data. 21 backgrounds, even after taking into account college entrance exam scores.
As discussed earlier, students from low income families could be less prepared for college because they receive inferior formal educational instruction or because they receive inferior educational instruction at home. In an effort to provide some information about the relative importance of the two possibilities, we concentrate on the 1188 students in the sample from the state of Kentucky. The benefit of studying this group is that, for each school year between 1991-1992 and 1996-1997, a measure of school quality was constructed under the Kentucky Instructional Results Information System (KIRIS) in order to "provide financial incentives for districts, schools, and teachers to make progress toward specific goals." 35 We obtain a single school quality measure for each district by averaging the six yearly ratings. This single measure has a mean of 41.107 and a standard deviation of 2.807. The district ratings used here combine ratings for elementary, secondary, and high schools and involve weighted averages of things such as student test scores, attendance rates, retention rates, dropout rates, and the rate at which students "successfully" transition after graduation from high school. Thus, the rating for a particular district will capture both school quality and the ability/home learning environment of students in the district.
A $10,000 increase in family income is estimated to increase a person's school rating by .342 with an associated t-statistic of 5.941. Thus, students from lower income families do attend schools with somewhat lower ratings. Although the full results are not shown, the estimated coefficient and t-statistic associated with the school quality variable from a pooled regression involving all semester grades in all years for the KY subsample are .017 and 3.034 respectively. 36 Thus, higher school ratings are related to 37 When the school quality measure is not included, the point estimate and t-statistic for the KY subsample are .043 and .3666 respectively. 38 For example, when the duration specification in column 4 of Table 2 (which includes high school gpa) was estimated with the addition of the school quality variable and a variable measuring the interaction 22 significantly higher college grades. Nonetheless, the estimated effect of family income on college grades remains large for the KY subsample when the school quality measure is included; the point estimate and t-statistic are .038 and 3.160 respectively.
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Although this would seem to suggest that the effect of family income on attrition will remain strong even after taking into account the school ratings, there are plausible non-grade avenues through which the school ratings could affect student attrition. For example, students from schools with higher ratings will tend to have more friends or classmates who are also attending college, and, as a result, may view leaving college before completion to return home as less desirable than other students. In an attempt to capture both the effect that good schools have on college grades and these other types of effects, we estimated the duration model for the KY subsample including both the observable characteristics in column 1 of Table   2 and the school quality measure. Because the estimated effects of the majority of the variables are very similar to those in column 1 of Table 2 , the entire set of results is not included. However, the coefficient and t-statistic associated with the school quality variable was found to be -.034 and 1.98. Thus, students from inferior schools do leave more quickly even after taking into account the other observable characteristics. However, the estimated effect of family income remains very important and school quality is not found to account for much of the difference in attrition between students from different income situations. When the school quality measure is not included, the point estimate and t-statistic associated with family income for the KY subsample are -.115 and -3.40 respectively. When the school quality measure is included, the point estimate and t-statistic decline to -.106 and 3.11 respectively. Adding additional controls to the specification did not change the results in any important way. 38 Certainly it is of school quality and high school gpa, no evidence was found that this interaction term was important (the point estimate and t-statistic associated with the interaction term were .011 and .700 respectively). As a result, in this case the findings regarding family income stayed the same as described earlier in this paragraph. 39 For example, it is likely that the ratings were not designed to exclusively measure college preparation. 40 The estimated effect (standard error) of the ) income variable in this specification was -.010 (.023) and the estimated effect (standard error) of family income was -.098 (.028). Adding an interaction term between family income and ) income did not change the nature of the results. The sample size was 2446.
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possible that a non-trivial amount of measurement error exists in the school ratings.
39 Nonetheless, the results seem to suggest that families have a very strong direct effect on their children.
Negative income shocks to family income
In the introduction, an argument was made that negative income shocks may have differential retention effects on low income students, even if direct costs are zero. Until this point, the analysis has utilized the student's family income in the year that a student matriculated to college. However, the data also contain additional information about family income in the subsequent years of attendance. Thus, by adding a time varying "change in family income" variable, ) income, and an interaction of this variable with the family income variable to the proportional hazard specification in the first column of Table 2 it is possible to some extent to examine whether negative income shocks influence the attendance decision when a full subsidy is in place and to examine to what extent the effect of income shocks differ by income.
This exercise did not produce any evidence that negative income shocks have a significant effect on the timing of exits.
40
Although this suggests that differences between income groups are not being caused by differential responses to income shocks, it is important to note that measurement error, created by the timing of when family income is measured, will lead to parameter bias in this analysis. The income data come directly from 41 Under this timing assumption, an income will be missing in any case in which a person begins the second semester of a particular school year, fails to fill out the FAFSA form during the semester, and leaves school sometime before the start of the next school year. This will also potentially lead to a bias in the coefficient on income if those who fit this description are more likely to be leaving because of changes in family income. This source of bias can be completely removed by assuming that the correct income for the two semesters in a school year is the income that was reported on the FAFSA form in the January-April period before the school year started. However, this change increases the income measurement error due to the timing of income measurements. In practice, making this change made very little difference in the model estimates. 24 the yearly FAFSA form which must be submitted by the student sometime between January 1 and April 15 and corresponds to a family's W2 income form from the previous year. We make the assumption that the first reported yearly income is the relevant income for the fall semester of the person's first year. We make the assumption that the second reported income is the relevant income for the spring semester of the first year and the fall semester of the second year. Similarly, the third reported income corresponds to the fourth and fifth semesters and the fourth reported income corresponds to the sixth semester.
Essentially, the income values that we associate with the two semesters in a given calendar year come from the family's W2 form from the previous calendar year. To the extent that we are interested in the effect of income shocks, it seems likely that this timing assumption will would lead to a downward bias for the estimator of the effect of income shocks with the extent of the bias depending on the extent to which income shocks tend to cause students to exit very quickly.
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V. A comparison to students who pay tuition
The total relationship between family income and college attrition that has been found in the literature is the sum of the portion due to the family environment explanation and the portion due to the direct costs explanation (assuming that selection bias has been accounted for or is not important). Section III suggests that the family environment effect is important. However, because tuition is zero for everyone at Berea, the Berea data cannot provide direct evidence about the importance of the direct costs 42 The variables used in this analysis are indicators for male and black, a math standardized test score, a reading standardized test score, and family income. Of the "income-eligible" students, 383 have a missing family income, 399 have a missing standardized reading score, and 397 have a missing standardized math score. 43 The family income variable in the NELS-88 is categorical. To estimate the analog of column 2 of Table 2 (in which family income is categorical), we define the low income variable to include all incomes less than 17160 and we define the high income variable to include all incomes greater than 40040.
To estimate the analog of column 1 of Table 2 (in which family income enters as a continuous variable), because the exact income value is not observed, we first fit a lognormal distribution to the categorical data (using both the individuals in the sample used to estimate Table 5 and the individuals that were removed from the final sample due to higher family incomes). We then compute the likelihood contribution for person i by integrating the likelihood contribution conditional on the person's family income (from Appendix A) over the appropriate distribution of the person's family income given the estimated lognormal distributions and the person's family income category. We found very similar results (i.e., point estimate and t-statistic of -.071 and -2.95 respectively) when we estimated the continuous case by simply making the assumption that the family income of each person in a particular income class is 25 explanation. In an effort to provide an idea of the size of the total relationship between family income and college outcomes (and, thus, a rough idea of the importance of the family environment explanation relative to the direct costs explanation), we estimate the duration model of attrition using data from the NELS-88.
These data sustain continuing trend comparisons with the National Longitudinal Study of the High School Class of 1972 and the High School and Beyond (1980), which were used by Manski and Wise (1983) and Manski (1992) , and are a logical choice because students who made normal progress through high school and entered college soon after graduation would have matriculated during the middle of the sample period covered by our Berea data.
There are 2823 students in the NELS-88 who entered a bachelor degree program at a four year (private or public) college in the fall of 1992 or the fall of 1993. In order to make the NELS-88 sample more similar in nature to the Berea sample, we remove the 684 individuals in the data who have a family income that is above $85,800 in 1997 dollars. After also removing individuals with missing values of family income or the other characteristics that are used in the analysis, we are left with 1468 individuals.
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The analogs to column 1 and column 2 of Table 2 are shown in Table 5 . 43 In both cases, the equal to the midpoint of that class. Estimation utilizes sampling weights. See Grogger and Neal (2000) for a discussion of the NELS-88 sampling scheme and the importance of using weights. 44 Figure 4 shows that the predicted survivor function at t=3 (probability of finishing more than 3 full semesters) at Berea is .67 if the person has family income of $40,000 and is .58 if the person has family income of $5,000. For the NELS-88 sample, these numbers are .72 and .63 respectively.
The upper income bound of $85,800 was chosen to try to make the sample somewhat similar to the Berea sample while still retaining a reasonable sample size. Because the income data is categorical, the next option would be to draw the cutoff at $57,200. Estimating the model with this cutoff produced a an estimated effect and t-statistic associated with family income of -.047 and -1.37 respectively. We also tried restricting the sample to individuals attending colleges with similar enrollments at Berea. Estimating the model with individuals at schools with a total enrollment of less than 5441 (n=482) produced an estimated effect and t-statistic associated with family income of -.105 and -2.43 respectively. Estimating the model with an enrollment cutoff of 1898 (n=175) produced an estimated effect and t-statistic associated with family income of -.138 and -1.92 respectively. Trying to simultaneously restrict both enrollment size and further restrict family income was not possible due to the small sample size that resulted. 26 estimated effects of family income are very similar to those in Table 2 , despite the fact that the students in the NELS-88 are attending tuition charging institutions.
44 Thus, although one should be very careful about the conclusions that can be drawn from this comparison, the exercise suggests that family environment factors may be the driving force in determining the strong relationship between family income and educational outcomes. However, it is important to note that the effect of direct costs under current tuition/financial aid programs is influenced by both the possibility that low income students find paying direct costs burdensome for reasons such as liquidity constraints and the reality that students from low income families are likely to face lower direct costs due to the existence of need-based financial aid. The former suggests that low income students will tend to leave school more quickly. The latter suggests that low income students will leave school less quickly. Thus, even if the total effect of direct costs on college outcomes is close to zero, this does not imply that liquidity constraints are unimportant for low income students.
It seems possible that many of the possible reasons related to the family environment effect would 27 be as closely related to parental education backgrounds as they would be to family income per se.
Unfortunately, information regarding parental education is not available in our Berea data. However, this information is available in the NELS-88. When we estimated the specification in column 1 of Table 5 with an additional indicator of whether the student had at least one parent who had obtained at least a college degree we found that this variable was statistically significant with a point estimate of -.36 and a t-statistic of -3.02. The estimated effect of family income declined to -.062 but remained statistically significant with a t-statistic of -2.859.
VI. Conclusion
Bowen and Bok (1998) raise the possibility that low national graduation rates may be due to the inability of students and their families to meet college costs. The high overall attrition rates at Berea College, where all students receive a full tuition subsidy (and pay an average of approximately $1,000 for room, board, and college fees), suggest that college exits often occur for reasons that are unrelated to the direct costs of college. It is important to note that it is necessary to be cautious about drawing inference about more general populations of interest on the basis of a single school. Nonetheless, given the statistically significant and quantitatively large relationship that is found between family income and performance at Berea, the discussion of the possible sources of bias that might be present in our Berea estimator that appears in Stinebrickner and Stinebrickner (2000) , and the comparison to outcomes in the NELS-88, this work suggests that reasons related to family environment are the most important determinants of the differences in college outcomes by family income that have consistently been found in the literature.
The results in this paper suggest that non-trivial differences in educational attainment would exist even if direct costs were zero for all students. However, it is important to note that equality in educational 28 outcomes between income groups could potentially be achieved by removing (reducing) the direct costs for only low income students. This is a feature of the California tuition subsidy program that will begin full-scale operation in the fall of 2001. However, if equality in educational outcomes is achieved in cases like these, it may be important for policymakers to realize that this does not necessarily occur simply because these programs address imperfections in capital markets which imply that low income individuals face liquidity constraints. It seems likely that lowering the costs of college will make staying in school (or entering school) optimal for some non-liquidity-constrained low income individuals who would have otherwise found it optimal to leave (or not enter) after realizing that they were not well-prepared academically for college. From the standpoint of wisely using educational budgets, more research is necessary to understand the potential effectiveness of programs which would improve the educational opportunities of low income individuals before they reach college or would address non-cost difficulties that low income individuals face after arriving at college. Table 2 because the 172 students who did not stay in school long enough to receive first semester grades are not used in the analysis. 
